Abstract-We examine integration of a patterned metal nanoantenna (or metasurface) directly onto long-wave infrared detectors. These structures show significantly improved external quantum efficiency compared to their traditional counterparts. We will show simulation and experimental results.
I. INTRODUCTION
Longwave infrared (LWIR) detectors operating in the 8-12μm spectral band have a long history using mercury cadmium telluride (MCT) as a detector material. Other materials such as type-II superlattices have had much research performed in the last decade, with promising advances. Both of these materials use an architecture that is similar, in that the thickness of the detector layer is dictated by the absorption coefficient of the material. Thickness must be simply thick enough to capture a large percentage of the incident radiation on its single pass through the device. Our architecture is fundamentally different in operation, allowing a significantly thinner detector layer to be used.
A nanoantenna-based architecture replaces the thick absorber layer in our structure. A cartoon of a simplified 2x2 focal plane array (FPA) is shown in Fig. 1 . A patterned metal layer sits atop a thin absorber layer. A metal backplane completes the optical design. This backplane is also used as one of the electrical contacts for the detector. 
II. DESIGN
The combination of the nanoantenna, detector layer, and metal backplane form a resonant cavity. The design of this cavity for a resonance at a particular wavelength and bandwidth involves determination of both the thickness of the detector layer and the pattern of the nanoantenna. High angular tolerance can be achieved without having to use an antireflection coating [1] .
The structure may be modeled as a transmission line with the nanoantenna modeled as a parallel impedance separated from the conductive backplane by a distance equal to the optical thickness of the detector layer. This rather simple and efficient design methodology helps to determine the best class of nanoantenna topology to use for a given application. For example, designs with more capacitive or more inductive admittance may be required for use of a given detector stack at a given frequency.
More time consuming numerical techniques may then be used to fine tune nanoantenna dimensions to optimize the detector response at the desired wavelength. Field plots such as those shown in Fig. 2 b and c demonstrate high-field regions and where absorption is occurring in the device. These techniques are also used to maximize absorption in the detector layer and minimize absorption in the metal nanoantenna. Simulations with absorption in the detector layer of up to 70% have been achieved. These simulations also show where crosstalk and out-of-band absorption is occurring and how we can design to minimize these non-idealities.
The design process described is independent of detector material. These architectures using a much thinned absorber layer could also be applied to MCT detectors in the LWIR. They could also be used in other spectral bands.
III. EXPERIMENTAL VERIFICATION
Some of the designs described in the previous section have been fabricated and characterized. We have previously reported some of these results [2, 3] . External quantum efficiencies (EQE) of over 50% have been seen in gallium-free type-II 978-1-5386-0737-4/17/$31.00 ©2017 IEEE superlattice detectors. We believe this is the highest reported experimental EQE for LWIR detectors of this type.
The measured EQE on our devices have resonances that align very well with our simulations. Peak EQE is slightly lower than simulation, which is to be expected. Nevertheless, we are refining our model to minimize all differences between simulation and experiment. We will show experimental results and compare these to the simulations.
